Aim-To evaluate the optical coherence tomographic characteristics of choroidal neovascularisation (CNV) in age related macular degeneration (AMD) and in idiopathic and inflammatory CNV. The use of this technique in the selection of patients for surgery is discussed. Methods-Ocular coherence tomography (OCT), fluorescein, and indocyanine green angiography were performed in 23 patients aVected by AMD complicated by well defined CNV and in 10 patients aVected by inflammatory or idiopathic CNV. The neovascular membrane was surgically removed in five age related CNVs, two inflammatory choroidopathies, and two idiopathic CNVs. Results-In inflammatory and idiopathic CNV, the OCT displayed a neovascularisation on the retinal pigment epithelium (RPE). In three cases the CNV was excised with an improvement of visual acuity equal to or greater than two Snellen lines; in a fourth case, the visual acuity after surgery was unchanged. In the cases of AMD the OCT fell into three diVerent patterns: (A) CNV above the RPE (five cases); (B) focal, irregular thickening of the retinal pigment epithelial band (12 cases); (C) CNV above and below the RPE (six cases). The five pattern A CNV patients underwent the surgical excision of the neovascularisation. In four cases the visual acuity improved by two or more Snellen lines; in the fifth case the visual acuity remained unchanged. Conclusions-The authors suggest that the surgical removal of early age related CNV could be performed in those cases where the OCT shows a neovascular membrane on the RPE, as in idiopathic and inflammatory CNVs. (Br J Ophthalmol 1999;83:438-442) The growth of a choroidal neovascularisation (CNV) is one of the most serious events that can be observed in the macular area. In the past few years, especially since the introduction of submacular surgery, it seems particularly important to evaluate the relation of the CNV not only with the fovea but also with the retinal pigment epithelium (RPE). Particularly, the good visual results of the surgical excision of the CNV in the young, appear to be related to the integrity of the adjacent RPE and to the area of growth over the RPE.
The growth of a choroidal neovascularisation (CNV) is one of the most serious events that can be observed in the macular area. In the past few years, especially since the introduction of submacular surgery, it seems particularly important to evaluate the relation of the CNV not only with the fovea but also with the retinal pigment epithelium (RPE). Particularly, the good visual results of the surgical excision of the CNV in the young, appear to be related to the integrity of the adjacent RPE and to the area of growth over the RPE. [1] [2] [3] [4] [5] On the contrary, the unsatisfactory visual results observed in the course of age related macular degeneration (AMD) seem to be related to the widespread alteration of the RPE, conditioning a significant loss of RPE cells and choriocapillaris, and with the diVering relation between CNV and RPE. 1-4 6-12 Optical coherence tomography (OCT) is a new imaging tool providing a non-invasive, non-contact in vivo cross sectional imaging of eye tissues with a maximal longitudinal resolution of 10 µm. [13] [14] [15] [16] [17] [18] The purpose of this study was to evaluate the optical coherence tomographic characteristics of CNV and the possible use of this technique in the selection of patients eligible for surgery.
Methods
Twenty three cases of well defined CNV complicating AMD (11 males and 12 females; aged 51-89 years; mean age 71.3) and 10 cases of inflammatory or idiopathic CNV (two males and eight females; aged 19-49 years; mean age 32.2) were studied. In nine cases (five age related CNVs, two inflammatory choroidopathies, and two idiopathic CNVs) the surgical excision of the neovascular membrane was performed. The selection criteria for surgery in the AMD group were: subfoveal CNV, juxtafoveal CNV with blood masking the foveal edge, juxtafoveal CNV where the centre of the fovea risked being damaged by laser photocoagulation. All CNVs were small (smaller than one optic disc diameter). Another criterion was the OCT imaging of the CNV: only the CNVs that could be identified above the layer of the RPE were eligible for surgery. The selection criteria for surgery in the case of inflammatory or idiopathic CNV were: subfoveal CNV, juxtafoveal CNV with blood masking the foveal edge, juxtafoveal CNV where the centre of the fovea risked being damaged by laser photocoagulation.
All patients underwent OCT (Humphrey Instruments, Zeiss), fluorescein, and indocyanine green (ICG) angiography (Topcon IMAGEnet H1024). In those patients where the CNV was removed, the examinations were repeated within 3 months after surgery.
OCT was always performed by the same examiner through a dilated pupil. A superluminescent diode light operating at 830 nm, coupled to a fibre optic delivery system, provides the necessary illumination on the retina (approximately 200 µW). The time of delay of light reflected from diVerent depths in tissue is determined using interferometry. A false colour tomogram of optical reflectivity is produced to enhance the diVerentiation of retinal layers. Bright colours (for example, red and white) correspond to highly reflective areas and dark colours (for example, blue and black) represent regions with low reflectivity.
All scans were separately reviewed and analysed by two observers (AG and GPA).
Results
In all the cases of inflammatory or idiopathic CNV the OCT displayed, at the same site of the CNV identified by fluorescein angiography, a focal non-homogeneous area of hyperreflectivity lying above the OCT band corresponding to the RPE. The neovascular complex showed an infiltrate-like appearance on the OCT scans of the neuroretina (Fig 1) . The anterior profile of the neuroretina usually appeared elevated and sometimes with a convex shape. At the level of the CNV the neuroretinal thickness constantly increased (Table  1) as a result of retinal oedema, visualised on OCT as an area of non-homogeneous hyporeflectivity. An optically empty space corresponding to a neurosensory detachment was often observed above or near the CNV. The reflectivity of the retinal pigment epithelial band adjacent to the CNV was usually homogeneous and did not present alterations, except when the scanning probe beam encountered an atrophic spot or a chorioretinal scar. In the case of atrophic spot (multifocal choroidopathies) the retinal pigment epithelial band appeared interrupted and a deeper hyperreflectivity could be seen, because of a greater penetration of the beam (Fig 2) . In three cases the hyperreflectivity, that was interpreted as the OCT imaging of the CNV, was no longer visible after surgery (Fig 3) . In the fourth case, where fluorescein angiography revealed a persistent CNV, the OCT scan (performed in "repeat mode" through the residual hyperfluorescence) displayed an abnormal hyperreflectivity above the band corresponding to the RPE choriocapillaris. The area of hyperreflectivity was smaller than that visible before surgery. This area could be interpreted as the OCT image of the persistent CNV, not completely removed by surgery. In the first three cases an improvement of visual acuity equal to or greater than two Snellen lines was observed. In the fourth case the visual acuity remained unchanged.
As regards the cases of AMD the interpretation of the OCT imaging of the CNV was more challenging. Three diVerent OCT patterns were observed.
In five cases a focal area of hyperreflectivity could be very clearly identified above the RPE, with characteristics similar to those of inflammatory or idiopathic CNV (Fig 4) . In all the cases the size of the CNV, evaluated in the early and mid phases of fluorescein angiography, was inferior to one disc diameter and the symptoms had been present for less than 2 months before our observation. In 12 cases the OCT showed only a focal, irregular thickening of the band corresponding to the RPE that appeared fragmented and disorganised (Fig 5) .
In six cases the focal, irregular hyperreflectivity could be identified both above and below the level of the band corresponding to the RPE. Sometimes the RPE band seemed to present a focal duplication (Fig 6) .
Figure 4 AMD complicated by CNV (OCT pattern A). (A) Fluorescein angiography shows a juxtafoveal and a peripapillary CNV. (The broken line on FA frame indicates the OCT scan direction). (B) The OCT scan performed through the juxtafoveal CNV reveals a marked thickening (503 µm) of the neurosensory retina and an increased reflectivity above the RPE interpreted as the CNV. A thin optically empty space, signifying neurosensory detachment, surrounds the CNV.

Figure 3 Multifocal choroidopathy. (A) Fluorescein angiography before surgery (VA= 20/40). (The broken line on FA frame indicates the OCT scan direction). (B) OCT before surgery: the neurosensory thickness is 475 µm; a focal hyperreflectivity lying above the band corresponding to the RPE can be visualised. (C) Fluorescein angiography after surgery (VA= 20/30): the CNV has been completely removed. (The broken line on FA frame indicates the OCT scan direction). (D) OCT after surgery: the normal foveal profile is restored and retinal thickness is 160 µm. The hyperreflectivity interpreted as the CNV is no longer visible.
Figure 5 AMD complicated by CNV (OCT pattern B). The OCT shows a focal, irregular thickening of the band corresponding to the RPE, that appears fragmented and disorganised.
Figure 6 AMD complicated by CNV (OCT pattern C). An irregular hyperreflectivity can be visualised both above and below the level of the band corresponding to the RPE. The retinal pigment epithelial band presents a focal duplication.
The B and C patterns were observed in the cases of CNV greater than one disc diameter, with symptoms dating from over 3 months before our observation.
The RPE adjacent to the CNV presented widespread alterations of the reflectivity and of its profile, which appeared irregular and non-linear. Drusen could often be identified.
Neurosensory detachments were constantly present in pattern B and C cases. In pattern A cases the detachment was smaller and not always present.
In five cases of CNV complicating AMD lying on the RPE (pattern A), the surgical removal of the neovascular membrane was performed (Fig 7) . Similar to what was observed in young patients, the OCT abnormalities that were considered as CNV were no longer detectable after surgery and the normal profile of the anterior neuroretina was restored ( Table  1 ). The normalisation of the OCT picture was followed by an improvement of visual acuity greater than two Snellen lines in four cases. In the fifth case (subfoveal CNV) the visual acuity remained unchanged.
Conclusions
Fluorescein angiography remains the essential tool in the diagnosis of CNV. In some cases of occult CNV of the elderly, ICG angiography has been shown to be useful. 19 20 The interpretation of the OCT imaging of CNVs complicating AMD is very diYcult. In fact the neovascular membrane, RPE, and choriocapillaris are structures with similar reflectivities 21 and the identification of the single structures is often not easy. In our experience the diYculties increase in cases of long lasting and larger sized CNVs (that is, greater than one disc diameter). In such cases the OCT is rarely useful in the identification of the neovascular complex. In agreement with Puliafito et al, 22 the RPE was irregularly thickened and disrupted and the CNV could not be recognised. Only in the cases of CNV smaller than one disc diameter and symptoms dating from less than 2 months before, an anomalous hyperreflectivity over the RPE was visualised using OCT. The OCT imaging in these cases looks quite similar to that of inflammatory and idiopathic CNV.
In all the cases of our series of inflammatory and idiopathic CNV, the growth was always above the RPE; on the contrary in the cases of AMD the relation between CNV and RPE did not present the same pattern. In five cases the CNV could be visualised above the RPE, in 12 cases the OCT displayed a focal, irregular thickening of the RPE and in six cases a focal, irregular hyperreflectivity was seen both above and below the RPE. OCT seemed to confirm the most recent anatomopathological studies of surgically excised CNVs; these studies have shown that in AMD the CNV may grow not only below the RPE but also above it or in a combined pattern. 23 24 On the contrary, in inflammatory CNV the neovascularisation was found above the RPE. 5 In the five cases of AMD where the CNV was visualised above the RPE, the onset of the symptoms was recent (less than 2 months before the observation) and the size was less than one optic disc diameter. On the contrary none of the remaining 18 cases with longstanding and large CNV showed the pattern of growth of the CNV above the RPE. It could be therefore hypothesised that, in the cases of AMD, the well defined CNV may grow above the RPE at its onset, as in idiopathic and inflammatory cases. Subsequently, in the course of the disease, the growth of the neovascular membrane could lead to a widespread disorganisation of the RPE layer, owing to the characteristics of the RPE in elderly patients. A study on a larger series of patients aVected by AMD complicated by a CNV smaller than one optic disc diameter would be necessary to assess, with a statistical significance, the prevalence of pattern A CNVs (those growing above the RPE) within the group of patients with small CNVs of recent onset.
The disappearance, after surgery, of the hyperreflectivity considered as CNV in three out of four cases of our series, in agreement with fluorescein angiography, would be additional proof that the images interpreted as CNVs were in fact neovascular membranes.
The aforementioned considerations could be important for the surgical removal of the CNV. In fact the benefit of the surgical excision of the CNV is related not only to the conditions of RPE and choriocapillaris, but also to the relation between RPE and CNV growth. The location of the CNV may therefore have an influence on the number of RPE and choriocapillaris cells damaged by the surgical approach. The good visual results after surgery of inflammatory CNVs, are due to the fact that the CNV lies above the RPE. This condition allows the surgeon to remove the membrane with minimal damage to RPE and choriocapillaris. The surgical excision of early age related CNVs could be suggested in those cases where, as in idiopathic and inflammatory CNVs, the neovascular membrane lies above the RPE. The authors suggest that OCT imaging of CNVs complicating AMD could be a useful tool in the selection of cases eligible for surgery.
